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Objetivo: Avaliar, in vitro, os efeitos do uso de enxaguatórios bucais na superfície 
e subsuperfície do esmalte clareado com peróxido de hidrogênio a 35% (PH) e a 
correlação entre a rugosidade do esmalte e alteração de cor. Métodos: No capítulo 1, 
blocos bovinos de esmalte/dentina (4x4x2 mm) foram clareados (PH) e imersos duas 
vezes ao dia, por 14 dias, nos enxaguatórios (n=10): água destilada (C, controle); 225 
ppm de NaF (FM, Colgate® Plax Classic); óleo essencial (EM, Listerine® Tartar Control); 
peróxido de hidrogênio a 1,5% (HPM, Colgate® Plax Whitening); peróxido de hidrogénio 
a 2% + pirofosfatos e 225 ppm de NaF (HPM+P, Colgate® Luminous White). Os 
espécimes foram armazenados em solução remineralizante por todo experimento. A cor 
(ΔE, L *, a *, b *) e rugosidade (Ra) foram analisadas no tempo inicial, após PH e após o 
uso dos enxaguatórios. Os valores de microdureza em profundidade (CSMH) e imagens 
por microscopia eletrônica de varredura (MEV) foram adquiridos ao final do experimento. 
Os valores de ΔE, Ra e CSMH foram submetidos, respectivamente, à ANOVA, ANOVA 
de medidas repetidas e ANOVA de parcelas subdivididas seguidas pelo Teste de Tukey. 
Os valores L*, a* e b* foram analisados por modelos lineares generalizados (α=0,05).  No 
capítulo 2, blocos bovinos de esmalte/dentina (5x5x3,2 mm) foram sequencialmente 
expostos a lixas abrasivas com granulação decrescente (1200-grit SiC, 800-grit SiC e 
600-grit SiC). Foram analisadas (n=15) entre as lixas abrasivas a cor (ΔE, L*, a*, b*) e 
rugosidade (Ra). Os valores de ΔE foram submetidos à ANOVA e os de L*, a*, b* e Ra à 
ANOVA de medidas repetidas, seguidas pelo Teste de Tukey. O teste de correlação de 
Pearson foi utilizado para determinar a correlação entre as variáveis (α=0,05). 
Resultados: No capítulo 1, os dados de cor não diferiram nos grupos após o uso dos 
enxaguatórios. A Ra aumentou em todos os grupos após o clareamento, entretanto, 
foram restabelecidos após o uso de C, FM e HPM+P e aumentaram após exposição à 
EM. EM e HPM reduziram os valores de CHSM, diferindo de C (p<0,01) e promoveram 
alterações na superfície visualizadas por MEV. No capítulo 2, os valores de L* diminuíram 
com o aumento de Ra, com diferença estatística entre as lixas (p<0,05). Foi encontrada 
uma correlação entre os valores de Ra e os valores de L* (r=-0,67) e da alteração de Ra 
com a* (r=0,29). Conclusão: Os enxaguatórios bucais não afetaram a eficácia clareadora 
e não promoveram benefícios adicionais as propriedades do esmalte clareado. 
Entretanto, os enxaguatórios bucais à base de peróxido de hidrogênio a 1,5% ou de óleo 
essencial alteraram negativamente as propriedades do esmalte clareado. A rugosidade 
do esmalte atuou negativamente na luminosidade do dente, correlacionando-se com os 
valores de L*. Entretanto não apresentou correlação com os valores de ∆E que 
representam a mudança geral da cor do dente.  
Palavras chave: Esmalte dentário; Cor; Clareamento dental; Peróxido de hidrogênio. 
ABSTRACT 
Objective: To evaluate, in vitro, the effect of mouth rinse exposure on bleached enamel 
with 35% hydrogen peroxide (HP) and the correlation between enamel roughness and 
color change of tooth. Methods: In chapter 1, enamel/dentine bovine blocks (4x4x2 mm) 
were bleached and were submitted to immersion twice daily, for 14 days, with different 
rinses (n=10), including: distilled water (C, control); 225 ppm NaF (FM, Colgate® Plax 
Classic); essential oil (EM, Listerine® Tartar Control); 1.5% hydrogen peroxide (HPM, 
Colgate® Plax Whitening); and 2% hydrogen peroxide + pyrophosphates and 225 ppm 
NaF (HPM + P, Colgate® Luminous White). The specimens were stored in remineralizing 
solution for all experiment. Analyses of color changes (ΔE, L*, a*, b*) and roughness (Ra) 
were performed in baseline, after HP and after the use of mouth rinses. The cross-
sectional microhardness (CSMH) and images by Scanning Electron Microscopy (SEM) 
were assessed in final time. The data were subjected to ANOVA (∆E), repeated measures 
ANOVA (Ra), and split-plot ANOVA (CSMH) followed by the Tukey´s test. The L*, a* and 
b* values were analyzed by generalized linear models (α=0.05). In chapter 2, 
enamel/dentin bovine blocks (553,2 mm) were serially ground with the abrasive papers 
(1200-grit SiC, 800-grit SiC and 600-grit SiC). In paired model, the analyses of color 
changes (ΔE, L*, a*, b*) and Ra were performed among the sandpaper exposure. The 
data were subjected to ANOVA using models for repeated measures followed by the 
Tukey´s test and the Pearson´s correlation test (α=0.05). Results: In chapter 1, color 
changes were not statistically different in the mouth rinse groups. Ra values increased 
after bleaching; however were reestablished in C, FM and HPM+F and increased in EM. 
EM and HPM reduced the CHSM values differing from C (p<0.01) and promoted 
alterations on enamel surface showed by SEM. In chapter 2, L* values decreased in 
accordance to increase of Ra values. A correlation was found between the Ra values and 
the L* (r=-0.67), alteration of Ra with a* (r=0.29). Conclusion: The mouth rinses did not 
affect the whitening effectiveness or promoted benefits on bleached enamel properties. 
Moreover, the 1.5% hydrogen peroxide- or essential oil- based mouth rinses impair 
enamel recovery. The alteration of enamel surface roughness acted negatively on the 
luminosity of the tooth, correlating with the values of L*. However, there is no significance 
alteration in general change of tooth color, represented by ∆E values. 
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A odontologia estética é amplamente discutida e protocolos de tratamentos 
para dentes com alteração de cor foram desenvolvidos. Os dentes são estruturas 
policromáticas decorrentes da sobreposição de tecidos com diferentes 
características (Watts & Addy, 2001; Joiner, 2004) e de propriedades ópticas como a 
translucidez, fluorescência e opalescência (Priest e Lindke, 1999). A coloração do 
dente está associada às propriedades de reflexão, dispersão e absorção de luz pelo 
esmalte, dentina e polpa, entretanto, a aparência cromática geral dos dentes 
relaciona-se principalmente com a cor da dentina (Ten Bosch, 1995). O papel do 
esmalte é raramente investigado, sendo a sua translucidez e opalescência fatores 
que devem ser considerados na percepção das cores dentais (Miller, 1987; Yu et al., 
2009). Além de compreender as dimensões cromáticas é primordial avaliar o 
dinamismo e comportamento dos feixes de luz sobre os tecidos dentais. Entretanto, 
não existem estudos que discorram sobre o efeito da topografia do esmalte no 
mecanismo de percepção da cor, especialmente quando se trata de variações da 
sua rugosidade de superfície.  
O fenômeno da cor dental que atinge o olho do observador é o resultado da 
dispersão e absorção da luz e dos feixes de luz que seguem através da estrutura 
dental antes de emergir na superfície de incidência (Van der Burgt et al., 1990; 
Jahangiri et al., 2002). Em relação a isso, a reflexão especular na superfície é um 
passo relevante na cor geral de um objeto (Melchiades & Bosh, 1999; Jahangiri et 
al., 2002). Assim, estudos que avaliem o papel da rugosidade e da morfologia da 
superfície do esmalte são necessários porque mudanças dessa natureza são 
comuns na Odontologia. Mudanças na rugosidade da superfície do esmalte podem 
aumentar o acúmulo de pigmentos (Watts & Addy, 2001) e retenção/acúmulo de 
biofilme bacteriano (Quirynen & Bollen, 1995; Bollenl et al., 1997), o que pode 
prejudicar a saúde bucal e a estética do sorriso. Diferentes tratamentos, hábitos, 
condições ou doenças bucais podem comprometer a rugosidade de superfície do 
esmalte (Quirynen & Bollen, 1995), tais como: técnica de escovação traumática; uso 
de dentifrícios abrasivos; cárie inicial restrita a esmalte; polimento e acabamento 
após tratamento restaurador; procedimentos ortodônticos como remoção ou 
colocação de bráquetes; defeitos de abrasão; defeitos congênitos da estrutura 
dental; clareamento dental e microabrasão. Considerando as situações que podem 
alterar a topografia do esmalte e a ausência de evidências que confirmem ou 
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estabeleçam a correlação entre o aumento da rugosidade do esmalte e a mudança 
de cor do dente, uma investigação dessa correlação será apresentada no capítulo 2 
dessa tese. 
Considerando os protocolos clínicos para o tratamento de dentes com 
alteração de cor, o procedimento clareador promove melhora estética da aparência 
do sorriso (Kihn, 2007; Li, 2011). O peróxido de hidrogênio é o agente oxidante mais 
utilizado e devido ao seu baixo peso molecular e sua afinidade química específica 
com os tecidos dentais (Ubaldini et al, 2013) o peróxido de hidrogênio consegue se 
difundir pelo esmalte até a dentina (Eimar et al., 2012), onde reage com os 
cromógenos responsáveis pela alteração de cor (Ontiveros et al., 2009), através de 
uma reação de oxirredução. Assim, as moléculas dos cromógenos são clivadas e 
ficam pequenas o suficiente para serem removidas da estrutura dental através de 
difusão. Esse processo promove a redução da absorção de luz, deixando o dente 
aparentemente mais claro (Sulieman, 2004). As reações químicas que permeiam 
esse processo dependem de fatores como concentração do peróxido de hidrogênio, 
tempo de contato do produto clareador com as estruturas dentais, temperatura, pH 
do agente e da presença de catalisadores no gel (Joiner, 2006; Kugel et al., 2007; 
Minoux et al., 2008). 
Categoricamente, existem diferentes abordagens para o tratamento clareador: 
1) o clareamento caseiro, realizado pelo paciente sob supervisão do Cirurgião-
Dentista, utilizando agentes clareadores de baixa concentração em um regime de 
alta frequência (Joiner et al., 2006); 2) a técnica de consultório, utilizando agentes 
clareadores de alta concentração aplicado pelo Cirurgião-Dentista em consulta 
clínica (Joiner et al., 2006); 3) produtos over-the-counter (OTC), que são aqueles 
produtos vendidos diretamente ao paciente e encontrados em farmácias, 
supermercados ou adquiridos via internet. Nessa última categoria encontram-se 
dentifrícios, enxaguatórios e tiras clareadoras (strips) que apresentam princípios 
ativos clareadores, abrasivos ou ópticos adicionados a sua composição (Gerlach & 
Barker, 2003; Heyman et al., 2005; Joiner et al., 2008).  
O clareamento caseiro e de consultório são considerados, quando 
corretamente indicados, tratamentos eficazes e relativamente seguros (Kihn, 2007; 
Li, 2011). No entanto, o peróxido de hidrogênio possui um efeito oxidativo não 
específico e ação sobre a composição mineral e orgânica da estrutura dental 
(Goldberg et al., 2010), causando alterações nas propriedades físico-químicas e 
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morfológicas dos tecidos duros bucais (Hosoya et al., 2003; Efeoglu et al., 2004; Al-
Salehi et al., 2006; Lee et al., 2006;  Camargo et al., 2007; Markovic et al., 2007; 
Gomes et al., 2009; D'Amario et al., 2012; Vieira-Junior et al., 2016). Técnicas e o 
uso de diferentes produtos foram sugeridos para diminuir esses efeitos adversos e 
estudos avaliando o uso de soluções contendo peróxido de hidrogênio, pirofosfatos, 
fluoreto em baixa concentração, óleos essenciais ou álcool que podem ser 
comercialmente adquiridas na forma de enxaguatórios não foram desenvolvidos.  
Os enxaguatórios são produtos utilizados para disponibilizar diferentes 
compostos para a cavidade oral como: fluoreto, cloreto de cetilpiridínio, óleos 
essenciais, clorexidina, triclosan, entre outros. O uso desses produtos é habitual no 
cotidiano sendo indicados para diferentes situações clínicas, entretanto são 
utilizados frequentemente de maneira cosmética, ou seja, adquiridos sem a 
supervisão do Cirurgião-Dentista. Os efeitos do uso desses enxaguatórios após o 
clareamento dental de alta concentração, sobre as propriedades do esmalte são 
desconhecidos e investigações frente a isso se mostram necessárias, uma vez que 
esses enxaguatórios são amplamente utilizados e comercialmente se apresentam 
com diferentes princípios ativos, regimes de uso e numa variedade de escala 
cromática. Além disso, é importante considerar a vasta quantidade de produtos no 
mercado e ausência de estudos investigando o efeito do uso desses enxaguatórios 
nas propriedades do esmalte submetido ao clareamento dental com peróxido de 
hidrogênio a 35%, que pode ter o conteúdo mineral alterado (Markovic et al., 2007; 
Vieira-Junior et al., 2016). 
Dentre os enxaguatórios, comumente encontramos os agentes OTC, 
especificamente acrescidos de peróxido de hidrogênio; e os efeitos destes não 
foram amplamente investigados na literatura, especialmente no que se refere ao uso 
racional, efetividade clareadora, efeito sobre as propriedades físico-químicas do 
esmalte e segurança desses produtos. Esses enxaguatórios possuem, comumente, 
baixa concentração de peróxido de hidrogênio (1,5% - 2%) e investigações 
passadas sugerem que os enxaguatórios bucais contendo peróxido de hidrogênio 
não apresentam efeito clareador em dentes manchados após um período de 21 dias 
de uso (Potgieter et al., 2011), ou ainda, possuem efeito clareador inferior àqueles 
encontrados na terapia convencional supervisionada (Karadas, 2015). A eficácia 
clareadora desses produtos pode ser diminuída devido ao contato rápido dessas 
soluções com os dentes o que diminuiria a difusão do ativo pela estrutura dental, 
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especialmente pela dentina. Por outro lado, Torres e colaboradores relataram que a 
mudança de cor do esmalte/dentina pelo uso de enxaguatórios contendo peróxido 
de hidrogênio por três meses é semelhante ao conseguido pelo uso de peróxido de 
carbamida 10% durante 14 dias (Torres et al., 2013). E ainda, esses enxaguatórios 
OTC podem aumentar o efeito e estabilidade do clareamento com peróxido de 
carbamida ao longo do tempo (Oliveira et al., 2017). Os efeitos da associação do 
clareamento supervisionado com o uso de agentes OTC sobre as propriedades do 
esmalte são desconhecidos. Especialmente, porque os produtos OTC são 
abordagens alternativas e sua eficácia clareadora é discutida, sendo considerada 
menor em relação às supervisionadas pelo cirurgião dentista (Demarco et al., 2009; 
Dietshi et al., 2010). 
Os produtos OTC podem causar efeitos indesejáveis locais, como 
sensibilidade, irritação gengival, alterações das propriedades físicas dos materiais 
restauradores e perda mineral dental (Gerlach et al., 2003; Goldberg et al., 2010). 
Alguns enxaguatórios com peróxido de hidrogênio podem possuir pH ácido 
(Apêndice 1, Tabela 1) ou ainda a adição de outros agentes, como os pirofosfatos 
(pirofosfato tetrapotássio, tetrasódio de pirofosfato, pirofosfato de sódio). Os 
pirofosfatos possuem alta afinidade com hidroxiapatita e provavelmente interagem 
com Ca+2 (Segreto et al., 1998). E ao interagir com o cristal de hidroxiapatita e a 
superfície do esmalte, o pirofosfato reduz a sua capacidade de ligação de proteínas 
ou cromógenos, sendo considerado um agente anti-cálculo ou anti-pigmentação 
(Segreto et al., 1998). Entretanto não existem estudos que investiguem através de 
uma abordagem colorimétrica e morfológica os efeitos desses agentes no esmalte. 
A fim de eliminar ou diminuir os efeitos negativos sobre as propriedades 
físico-químicas do esmalte submetido ao clareamento dental, tem sido sugerido o 
uso de sistemas remineralizantes como aqueles baseados em fluoreto, fosfopeptídio 
de caseína-fosfato de cálcio amorfo (CPP-ACP), arginina ou vidro bioativo 
(Lewinstein et al, 2004; Bayrak et al., 2009; Yesilyurt et al., 2013; Vieira-Junior et al., 
2016). Dentre esses, o fluoreto é um composto relevante, atuando nos processos de 
desmineralização e remineralização dental (Cury & Tenuta, 2008; Amaechi & van 
Loveren, 2013), sendo o seu efeito físico-químico predominantemente tópico e local 
(Cury & Tenuta, 2008). Entretanto, é desconhecido o potencial remineralizante de 
soluções fluoretadas de uso diário (225 ppm, NaF 0,05%) no esmalte clareado, ou 
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ainda, se o regime ou indicação de uso diário de enxaguatórios contendo fluoreto 
após o clareamento dental seja um método relevante.  
Além disso, dentre os efeitos adversos sobre as estruturas dentais, a 
alteração da rugosidade de superfície e o aumento de permeabilidade após o 
clareamento dental podem estar associados à deposição de pigmentos extrínsecos 
oriundos da dieta ou deposição de biofilme (Quirynen et al., 1995; Schiavoni et al., 
2006; Cortês et al., 2013). O esmalte submetido recentemente ao clareamento 
poderia estar mais suscetível ao manchamento, relacionado à exposição a 
substâncias ou hábitos que favorecem a deposição de pigmentos no dente como o 
fumo, alimentos/produtos ricos em corantes ou sais metálicos polivalentes, como o 
ferro e o estanho (Watts & Addy, 2001; Joiner, 2006). A avaliação da estabilidade de 
cor do esmalte clareado exposto à enxaguatórios comerciais é necessária, uma vez 
que esses produtos se apresentam ao consumidor em diferentes colorações, 
inclusive com potencial cromógeno comprovado ao esmalte não clareado para um 
enxaguatório azul Listerine® (Moreira et al., 2013), que ainda, possui pH ácido.  
Assim, os objetivos desse estudo foram avaliar, in vitro, no capítulo 1 os 
efeitos do uso de enxaguatórios bucais com diferentes agentes ativos no esmalte 
clareado com peróxido de hidrogênio a 35%, e no capítulo 2 determinar a correlação 



















2.1 Artigo: Effect of mouth rinse treatments on bleached enamel properties, 
surface morphology, and tooth color. 
Running title: Effect of mouth rinse exposure after dental bleaching 
Submetido ao periódico Operative Dentistry  
SUMMARY 
Objective: To evaluate, in vitro, the effect of mouth rinse exposure on bleached 
enamel. Methods: Enamel/dentine bovine blocks (4 x 4 x 2 mm) were bleached with 
35% hydrogen peroxide (HP) and were submitted to immersion twice daily for 14 
days with different rinses (n = 10), including those involving: distilled water (C, 
control); 225 ppm NaF (FM, Colgate® Plax Classic); essential oil (EM, Listerine® 
Tartar Control); 1.5% hydrogen peroxide (HPM, Colgate® Plax Whitening); and 2% 
hydrogen peroxide, pyrophosphates, and 225 ppm NaF (HPM + P, Colgate® 
Luminous White). The specimens were stored in artificial saliva during all 
experiments. Analyses of color (ΔE, L*, a*, b*) and roughness (Ra) were performed 
at the baseline, after HP, and after the exposure to mouth rinse. The cross-sectional 
microhardness (CSMH) and images by scanning electron microscopy (SEM) were 
assessed at the end. The data were subjected to ANOVA (∆E), repeated measures 
ANOVA (Ra), and split-plot ANOVA (CSMH), followed by Tukey’s test. The L*, a*, 
and b* values were analyzed by generalized linear models (α = 0.05). Results: Color 
changes were not statistically different in the groups. Ra increased in all groups after 
bleaching; however, it was reestablished in C, FM, and HPM+F and increased in EM 
after 14 days of treatment. EM and HPM reduced the CHSM values differing from C 
and promoted alterations on enamel surface visualized by SEM. Conclusion: The 
mouth rinses did not affect the whitening efficacy or promote benefits on bleached 
enamel properties. Moreover, the 1.5% hydrogen peroxide- or essential oil-based 
mouth rinses affected the bleached enamel properties, promoting an alteration in 
morphologic surface and mineral loss in depth. 
.Keywords: Mouthwashes; Tooth bleaching; Hydrogen peroxide; Fluoride.  
Clinical Relevance: The mouth rinse use after dental bleaching did not affect the 
efficacy of whitening treatment. However, the rinses did not promote additional 
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benefits and the 1.5% hydrogen peroxide- or essential oil- based mouth rinses impair 
mineral reestablishment of bleached enamel. 
 INTRODUCTION 
Since the demand for aesthetic dentistry has extensively increased recently, 
treatment protocols for discolored teeth have been developed, with tooth bleaching 
becoming a common treatment that promotes improvement of the smile 
appearance.1 Categorically, there are different methods and approaches to whitening 
treatment2: 1) dentist-supervised or at-home bleaching using low-concentration 
bleaching agents in a high-frequency regime; 2) in-office or power bleaching, 
generally applying relatively high-concentration agents on the dental substrate; and 
3) over-the-counter (OTC) whitening agents represented by mass market bleaching 
products containing low concentrations of whitening agents that are self-applied to 
the teeth via mouthwash, toothpaste, or strips. In general, the action mechanism 
most likely involved in tooth bleaching is related to the properties of hydrogen 
peroxide (HP) as an oxidizing agent that can break down the chromogen and remove 
the pigments from the structure of enamel or dentine through diffusion, indirectly 
promoting the reduction of light absorption.3 The reduction in light absorption 
produces a significant reduction in the yellowness of dentin and an increase in the 
whiteness of the tooth.4  
Tooth bleaching has been vastly indicated, since this procedure is considered 
aesthetic, relatively safe, and effective.1,2 The scientific evidence reports5-9 show that 
changes in the morphology and properties of dental tissues can happen, especially 
related to an unspecified oxidative effect of HP that could act in the inorganic and 
organic composition of the tooth.9 In order to eliminate the side effects of dental 
bleaching, different products and vehicles, such as fluoride in gel or toothpaste, have 
been suggested for use before or after treatment.10-12 There are no investigations 
regarding the effects of compounds incorporated in different commercial mouth 
rinses on bleached enamel with 35% hydrogen peroxide. 
Mouth rinses are very popular oral hygiene agents and combinations of 
different preventive and therapeutic agents are commercially present. Considering 
the OTC products, whitening mouth rinses appeared in the market as an alternative 
to treatment for tooth discoloration, with a lower cost than traditional guided 
approaches. The whitening effectiveness of these agents is rarely discussed and is 
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controversial in literature, especially due to the lack of clinical studies that validate the 
effectiveness and safety of these products. Previous in vitro studies described no 
efficacy,13 slight bleaching effectiveness before 45 days of use,14 or similar color 
alteration compared with 14 days of at-home bleaching therapy when used for 12 
weeks.15 Moreover, a recent study16 demonstrated that the whitening efficacy of some 
OTC mouth rinses may increase the longevity of at-home whitening outcomes over 
time. There are few studies regarding the use of OTC whitening associated with 
dental bleaching or evaluating the effects of use of commercial mouth rinses 
containing different active principles on bleached enamel, mainly in relation to 
enamel properties, effectiveness of bleaching, and color stability of treatment.  
In addition to OTC products, other agents are frequently incorporated into 
mouth rinses in order to decrease or prevent biofilm-associated oral diseases as an 
adjunct to mechanical oral hygiene measures. Essential oil mouth rinses are very 
popular agents used in a combination with thymol, menthol, eucalyptol, and 
hydroalcoholic vehicles. In particular, blue-colored alcohol and essential oil-
containing mouth rinses have been shown to be capable of causing color change of 
enamel.17 No investigations have evaluated the effects of these compounds on 
bleached enamel, which is necessary since it has been suggested that the low pH of 
rinses can promote some enamel erosion.18-19 
Considering the wide range of mass market products and the scarce evidence 
investigating their relation to bleached enamel, the mineral content has been altered. 
The aim of this study was to investigate the effects on enamel of mouth rinses with 
different active agents used after dental bleaching, using analysis of color, cross-
sectional microhardness, and surface roughness in order to evaluate the properties 
and morphology of bleached enamel. The null hypotheses tested were: 1) dental 
bleaching would not affect the enamel properties of the surface and subsurface; 2) 
the use of a mouth rinse after dental bleaching would not affect the whitening efficacy 
or promote the incorporation of pigments; 3) the use of a mouth rinse after dental 
bleaching would not affect the bleached enamel properties of the surface and 
subsurface. 




 Enamel/dentin blocks of 4 x 4 x 2 mm, with 1 mm of enamel and 1 mm of 
dentin, were obtained from the middle third of the buccal surface of sound bovine 
incisor teeth that were stored in a 0.01% thymol solution at 4 ºC for 30 days until use. 
The sections were obtained using a low speed water-cooled diamond saw (Isomet, 
Buehler Ltda, Lake Bluff, IL, USA). The samples were subsequently serially ground 
with 600-, 1000-, and 2000-grit SiC papers (Buehler, Lake Bluff, IL) and polished with 
cloths and diamond spray (1 µm, 0.5 µm, 0.25 µm - Buehler, Lake Bluff, IL, USA). 
The samples were placed in an ultrasonic machine for 10 minutes (Marconi, 
Piracicaba, São Paulo, SP, Brazil) to remove residuals in order to obtain a 
standardized enamel surface. All surfaces of the blocks, except the enamel surface, 
were protected with acid-resistant varnish. During the experiment, all prepared 
samples were stored in artificial saliva containing 1.5 mM Ca, 0.9 mM Pi, 150 mM 
KCL, 0.05 µg F/mL, and 0.1 M Tris buffer at pH 7.020 that was renewed every day of 
the study. The initial L* values of each sample were used to stratify and allocate 
specimens into all groups, aiming to reduce the initial variability among the 
treatments. The evaluation method of the L* coordinate is described in the color 
measurements section.  
Bleaching procedure 
 
The bleaching treatment was performed using an agent of high concentration 
of hydrogen peroxide (35% hydrogen peroxide, Whiteness HP, FGM, Joinville–SC, 
Brazil), according to the manufacturer’s instructions. Information on the product used 
and its pH are shown in Table 1. All prepared samples were stored in artificial saliva 
for 24 h prior to the bleaching procedure. The bleaching agent was applied three 
times for 15 minutes on the enamel surface. After the procedure, the samples were 
washed with distilled water, and a daily exposure regime with mouth washes was 
initiated.  
Mouth rinse application protocol  
The samples were positioned with a sticky wax on metal fins coupled with 
conical centrifuge tubes (Falcon, Fisher Scientific, UK) and were submitted to daily 
simulated rinse. Enamel blocks were exposed to 5 mL of mouth rinses or distilled 
water for 14 days under agitation (100 rpm) at room temperature. The exposure time 
and frequency were performed in accordance with the manufacturer’s 
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recommendations. Information about the mouth rinses used, including 
manufacturers, pH, and components, are detailed in Table 1. After the stratification of 
L* values, the samples were randomly divided into five groups (n = 10), according to 
the treatments: 
1. Bleaching with 35% HP and immersion in distilled water for 1 min, twice daily 
for 14 days (C – control) 
2. Bleaching with 35% HP and immersion in 225 ppm NaF mouth rinse for 1 min, 
twice daily for 14 days (FM, Colgate® Plax Classic) 
3. Bleaching with 35% HP and immersion in essential oil-based mouth rinse for 
30 s, twice daily for 14 days (EM, Listerine® Tartar Control) 
4. Bleaching with 35% HP and immersion in 1.5% hydrogen peroxide-based 
mouth rinse for 2 min, twice daily for 14 days (HPM, Colgate® Plax 
Whitening) 
5. Bleaching with 35% HP and immersion in a mouth rinse containing 2% 
hydrogen peroxide, pyrophosphates, and 225 ppm NaF for 1 min, twice 
daily for 14 days (HPM + P, Colgate® Luminous White) 
After each rinse treatment, the samples were washed with distilled water for 10 



















Table 1.  Components of products used according to the manufacturer’s information.
 













35 % hydrogen peroxide, carbopol, 
glycol and water. 
 
Initial = red 
After 15 minutes = 
colorless 
 
initial = 5.64; 
 after 15 















225 ppm NaF (sodium fluoride), 
triclosan 0.03%, PVM / MA 
copolymer, 0.20% gantrez, alcohol, 
water, sorbitol, glycerin, sodium lauryl 
sulfate, disodium phosphate, sodium 


























21.6% alcohol, 0.064% thymol, 
0.092% eucalyptol, 0.06% methyl 
salicylate, water, n-propranolol, 
sorbitol, polaxamer 407, peppermint 
flavoring, benzoic acid, sodium 
benzoate, sodium saccharin, zinc 






















1,5% hydrogen peroxide, water, 
sorbitol, ethyl alcohol, poloxamer 338, 
polissorlato 20, methyl salicylate, 






















2% hydrogen peroxide, 
tetrapotassium pyrophosphate, 
tetrasodium pyrophosphate, 225 ppm 
NaF, zinc citrate, glycerine, propylene 
glycol, phosphoric acid, saccharin 












* The pH was determined in triplicate using a pH meter (Procyon, São Paulo, Brazil). 
 Color Measurements  
Color reading was performed in an ambient light condition (GTI MiniMatcher 
MM 1 - GTI Graphic Technology Inc., New York, USA) in standardized daylight. The 
spectral distribution was measured using a reflectance spectrophotometer (CM 700d, 
Minolta, Osaka, Japan) based on the CIE L*a*b* system. The L* coordinate 
represents the luminosity (white–black) axis, a* represents the green–red axis, and 
b* represents the blue–yellow axis. Before the measurements, the spectrophotometer 
was calibrated using white and black reflectance standards. The analysis was 
performed at initial time (baseline), 24 h after dental bleaching, and after use of 
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mouth rinses for 14 days. The color change was calculated using the following 
equation: ΔE = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2.  
Surface roughness 
The enamel roughness (Ra) was analyzed using a profilometer tester 
(Mitutoyo Surfitest 211, São Paulo, SP, Brazil) at three time frames: initial time 
(baseline), 24 h after dental bleaching, and after mouth rinse exposure. Three 
different equidistant directions were measured on the surface of each sample, with a 
cutoff of 0.25 mm, 5 N of load, and a velocity of 0.1 mm/s.  
Cross-sectional microhardness analysis 
The enamel cross-sectional microhardness (CSMH) was analyzed at the end 
using a Future-Tech FM-ARS microhardness tester (Future-Tech Corp., Tokyo, 
Japan) with a Knoop diamond under a 50-g load for 5 s. For the CSMH tests, the 
samples were longitudinally sectioned through the center and embedded in acrylic 
resin. The exposed area was gradually polished, as previously described. Three rows 
of 5 indentations were made in the central area of the slab, the measurements 
occurring at 10, 25, 50, 75, and 100 µm from the enamel surface. The mean values 
at all three measuring points at each distance were then determined. Due to the 
destructive characteristic of the analysis and impossibility of evaluating the baseline 
values, an unbleached enamel group (n = 10) was standardized in order to compare 
the values found in the experimental groups with intact enamel under the same 
conditions as those established by the study design. 
Scanning electron microscopy (SEM) 
Representative samples of groups were randomly selected and subjected to 
vacuum in a sputter (Balzers – SCD 050 sputter coater, Germany) to deposit a thin 
layer of gold, equivalent to 10-6 mm, in order to increase the surface reflectance. 
Then, images of representative areas of the specimens were obtained at 4000x zoom 
using a scanning electron microscope (JEOL.JSM 5600LV, Tokyo, Japan). 
Statistical analysis  
After exploratory analysis using the SAS software (SAS Institute Inc., Cary, 
NC, USA, Release 9.1, 2003), the data were submitted to one-way ANOVA (∆E), 
repeated measures ANOVA (Ra), and split-plot ANOVA (CSMH), followed by Tukey’s 
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test, at a 5% level of significance. The L*, a*, and b* data were analyzed by 
generalized linear models for repeated measures data (α = 0.05). 
RESULTS  
Based on L*, a*, and b* results presented in Table 2, for baseline data, the 
groups did not demonstrate a statistical difference among them (p > 0.05). After 
dental bleaching, the L*, a*, and b* values differed statistically from the baseline 
values (p < 0.05), with increasing L* values and decreasing b* values. Moreover, the 
groups did not differ statistically for all coordinates studied after the dental bleaching. 
For the a* values, the EM group did not differ statistically between the times (p > 
0.05), and the L* and b* values were not different from the other bleached groups (p 
> 0.05). For L* and b* results after mouth rinse exposure, there was no statistical 
difference among the rinse groups and the control (p > 0.05), nor was there a 
difference compared to the previous time (p > 0.05). For the a* results, although no 
difference among groups was found (p > 0.05), a decrease in a* values was statically 
demonstrated in groups exposed to HPM and HPM+P.  
Table 2. Mean (standard deviation) for results of L*, a* and b* coordinates based on 
treatment groups (n=10). a 
 Baseline After dental bleaching After mouth rinse 
L* 
   Control 82.87 (1.80) Ba  85.62 (0.76) Aa 85.38 (0.89) Aa 
FM 83.23 (1.62) Ba 86.99 (0.83) Aa 84.44 (1.78) Aa 
EM 82.17 (2.45) Ba 85.34 (2.85) Aa 85.60 (0.91) Aa 
HPM 83.93 (2.13) Ba 86.86 (1.23)  Aa  86.46 (0.65) Aa 
HPM + P 81.30 (1.17) Ba 85.93 (1.17) Aa 86.03 (1.03) Aa 
a* 
   Control  -0.30 (0.50) Aa  -0.71 (0.26)  Ba  -0.65 (0.39) Ba 
FM  -0.51 (0.38) Aa  -0.60 (0.24) Aa -0.19 (0.76) Aa 
EM  -0.34 (0.37) Aa  -0.49 (0.37) Aba  -0.75 (0.33) Ba 
HPM  -0.18 (0.38) Aa  -0.55 (0.31) Ba  -0.96 (0.19) Ca 
HPM + P  -0.39 (0.31) Aa  -0.52 (0.27) Ba  -0.97 (0.18) Ca 
b*    
Control 10.72 (1.87) Aa 6.20 (1.93) Ba 5.78 (1.80) Ba 
FM 9.77 (2.21) Aa 5.08 (1.90) Ba 7.26 (3.70) Ba 
EM 9.58 (2.69) Aa 5.26 (1.14) Ba 5.53 (1.16) Ba 
HPM 8.70 (3.12) Aa 5.23 (1.59) Ba 3.85 (0.82) Ba 
HPM + P 8.83 (2.57) Aa 4.95 (1.38) Ba 5.37 (1.66) Ba 
a
 Means followed by different letters (upper in horizontal and lower in vertical) are different (p < 0.05). Abbreviations: Mouth 
rinses based on: distilled water (control); 225 ppm NaF (FM, Colgate® Plax Classic); essential oil (EM, Listerine® Tartar 
Control); 1.5% hydrogen peroxide (HPM, Colgate® Plax Whitening); 2% hydrogen peroxide, pyrophosphates, and 225 ppm NaF 
(HPM + P, Colgate® Luminous White). 
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 Based on the ΔE values (Table 3) found in the comparison of baseline vs. 
dental bleaching or dental bleaching vs. mouth rinse treatment, no difference was 
shown for all groups, and the groups were not statistically different compared to the 
control (p > 0.05) or among them (p > 0.05). In assessment of baseline vs. mouth 
rinse exposure, the groups were not different compared to the control (p > 0.05); 
however, FM differed statistically from HPM+P (p < 0.05).  
Table 3. Mean (standard deviation) for ∆E values based on treatment groups (n=10). a 
 Baseline vs. Dental 
bleaching 
Dental bleaching vs. Mouth 
rinse 
Baseline vs. Mouth 
rinse 
Control 5.54 (1.15) a 0.88 (0.40) a 5.79 (0.32) ab 
FM 5.59 (0.60) a 3.33 (2.58) a 4.18 (1.55) b 
EM 6.27 (1.49) a 1.34 (1.94) a 5.85 (0.58) ab 
HPM 5.06 (1.97) a 1.92 (0.98) a 6.28 (1.54) ab 
HPM + P 6.56 (1.94) a 1.08 (0.32) a 6.63 (0.96) a 
a
 Means followed by different letters in vertical are different (p < 0.05). Abbreviations: Mouth rinses based on: distilled water 
(control); 225 ppm NaF (FM, Colgate® Plax Classic); essential oil (EM, Listerine® Tartar Control); 1.5% hydrogen peroxide 
(HPM, Colgate® Plax Whitening); 2% hydrogen peroxide, pyrophosphates, and 225 ppm NaF (HPM + P, Colgate® Luminous 
White). 
 
Based on the roughness values (Table 4), the initial results of groups were not 
statistically different (p > 0.05). After dental bleaching, a slight increase of Ra values 
was found in all groups compared to baseline values (p < 0.001), without difference 
between groups (p > 0.05). In terms of effects on roughness after mouth rinse 
application protocol, the control, FM, and HPM+P groups reestablished the baseline 
values of Ra (p > 0.05), which statistically differed from the means of the previous 
time (p < 0.01), referring to the values found 24 h after dental bleaching. Distinct 
events were observed in the groups exposed to hydrogen peroxide mouth rinses: 
HPM+P showed lower Ra values, statistically differing from the HPM group (p < 
0.01). HPM presented Ra values similar to the previous time (p > 0.05) and 
statistically different from the baseline values (p < 0.05). The blocks treated with EM 
had the highest increase of Ra, which statistically differed from all other groups (p < 











Table 4. Mean (standard deviation) for Ra values based on treatment groups (n=10).a 
 Baseline After dental bleaching After Mouth rinse  
Control 0.13 (0.01) Ba 0.18 (0.02) Aa 0.13 (0.01) Bc 
FM 0.13 (0.01) Ba 0.18 (0.02) Aa 0.15 (0.01) Bbc 
EM 0.14 (0.01) Ca 0.18 (0.02) Ba 0.21 (0.02) Aa 
HPM 0.13 (0.01) Ba 0.18 (0.02) Aa 0.16 (0.02) Ab 
HPM + P 0.13 (0.01) Ba 0.18 (0.02) Aa 0.13 (0.01) Bc 
a
 Means followed by different letters (upper in horizontal and lower in vertical) are different (p < 0.05). Abbreviations: Mouth rinses 
based on: distilled water (control); 225 ppm NaF (FM, Colgate® Plax Classic); essential oil (EM, Listerine® Tartar Control); 
1.5% hydrogen peroxide (HPM, Colgate® Plax Whitening); 2% hydrogen peroxide, pyrophosphates, and 225 ppm NaF (HPM + 
P, Colgate® Luminous White). 
With regard to cross-sectional microhardness (Table 5), the results showed 
that the bleached control did not demonstrate statistical difference from unbleached 
enamel at 10 and 25 µm (p > 0.05). Therefore, the reestablishment of CSHM values 
was not enabled at all depths after 14 days, being statistically different at 50, 75, and 
100 µm from reference values of unbleached enamel (p < 0.05). There were distinct 
effects between the rinses groups and the control groups at all depths. The HPM+P 
group did not differ statistically from the unbleached enamel at depths of 10 and 25 
µm (p > 0.05), and the FM group did not differ statistically at 25 µm (p > 0.05). The 
HPM+P group did not differ statistically from the bleached control at all depths (p > 
0.05), and comparing the values of the FM group to the bleached control revealed a 
statistically significant difference only at 10 µm (p < 0.05), promoting similar results to 
those found at depths of 25, 50, 75, and 100 µm. The EM and HPM groups were 
statistically different from the bleached or unbleached control at all depths (p < 0.01). 
In particular, HPM presented lower values of CSMH at all depths. Finally, no 
statistical differences were found in the evaluation of the CHSM values at the 
different depths within the group itself (p > 0.05). 




 10 µm 25 µm 50 µm 75 µm 100 µm 
unbleached enamel 359.2 (28.6) Aa 356.1 (30.0) Aa 372.9 (28.4) Aa 374.6 (30.3) Aa 371.6 (29.6) Aa 
 Water 324.8 (30.0) Aa 325.7 (24.9) Aa 321.4 (28.6) Ab 325.4 (31.8) Ab 315.2 (27.2) Ab 
 FM 258.6 (34.1) Ab 309.7 (22.6) Aa 301.8 (31.6) Ab 297.7 (30.5) Abc 299.0 (32.3) Ab 
Dental Bleaching + EM 241.1 (28.4) Ab 258.7 (24.7) Ab 246.9 (28.8) Ac 260.7 (29.8) Ac 248.7 (29.8) Ac 
(35% HP) 
HPM 172.5 (32.4)  Ac 181.1 (34.8) Ac 187.7 (32.5) Ad 180.3 (30.5) Ad 183.2 (23.9) Ad 
 HPM + P 313.0 (14.1) Aa 316.1 (27.0) Aa 306.4 (20.6) Ab 321.1 (11.5) Ab 321.5 (16.2) Ab 
a
 Means followed by different letters (upper in horizontal and lower in vertical) are different (p<0,05). Abbreviations: Mouth rinses 
based on: water (control); 225 ppm NaF (FM, Colgate® Plax Classic); essential oil (EM, Listerine® Tartar Control); 1.5% 
hydrogen peroxide (HPM, Colgate® Plax Whitening); 2% hydrogen peroxide, pyrophosphates and 225 ppm NaF (HPM + P, 
Colgate® Luminous White). 
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The SEM images collected are presented in Figure 1. The sound enamel 
(Figure 1A) demonstrated a smooth, regular, and uniform surface. After 24 h of 
bleaching (Figure 1B), the enamel surface presented evidence of a slight 
demineralization process associated with mineral loss, demonstrating a loss of 
interprismatic substance and an increase in porosity. However, after 14 days in the 
artificial saliva, the enamel (Figure 1C) showed mineral recovery and a surface very 
similar to that verified in the unbleached enamel (Figure 1A). The FM (Figure 1D) and 
HPM+F (Figure 1G) mouth rinses promoted an enamel surface very similar to 
unbleached control (Figure 1A) or enamel after 14 days of whitening (Figure 1C), 
despite rare signs of the demineralizing event that were found in the FM group, as 
shown in Figure 1D. In fact, distinct severity of such events could be observed 
throughout the enamel surface in mouth rinse groups as the morphologic changes 
became much more pronounced in the EM (Figure 1E) and HPM (Figure 1F) groups. 
The bleached enamel exposed to EM or HPM (Figure 1E and 1F, respectively) 
presented pores, superficial irregularities with intermittent depressions, and areas 


































Figure 1. Representative SEM images (X 4000) of the samples from: A) unbleached 
enamel; B) bleached enamel after 24 h; C) bleached enamel after 14 days and 
exposed to distilled water (control). Bleached enamel with 35% hydrogen peroxide 
and submitted to mouth rinses, including: D) 225 ppm NaF (FM, Colgate® Plax 
Classic); E) essential oil (EM, Listerine® Tartar Control); F) 1.5% hydrogen peroxide 
(HPM, Colgate® Plax Whitening); G) 2% hydrogen peroxide, pyrophosphates, and 
225 ppm NaF (HPM + P, Colgate® Luminous White). The morphological alterations 
found on enamel surface of groups are represented in B, D, E, and F images; the fine 
arrows represent areas with pores or surface irregularities, and thick arrows indicate 






In the present study, null hypotheses 1 and 3 were rejected because the 
dental bleaching affected the physical properties of enamel, and the mouth rinse 
exposure promoted different effects on enamel, modifying the physical properties and 
mineral recovery of the tooth. However, null hypothesis 2 was accepted because the 
exposure to mouth rinse after the dental bleaching did not affect the whitening 
effectiveness of treatment. Dental enamel is the hardest mineralized biological tissue, 
containing approximately 96% mineral, 3% water, and 1% organic matter by weight. 
The enamel blocks were obtained from bovine incisors as they present physical-
chemical properties resembling that of human enamel21 and are considered a 
practical model for bleaching studies.22 All groups in this investigation indicated 
significant change in L* and b* values following dental bleaching. The whitening 
effectiveness of treatment was evidenced due to the fact that the mean L* values 
increased while the mean b* values decreased, which represents a lighter and less 
yellowish color for the tooth. The mean values of total color change (ΔE) after dental 
bleaching were greater than 4.2 units23 or 3.3 units,24,25 the standard values 
suggested for clinical acceptability of color differences.  
On the other hand, the use of mouth rinses did not act directly on the L*, b*, 
and ΔE values. The hydrogen peroxide mouth rinses (HPM and HPM+P), 
commercially available as whitening mouthwashes (OTC), were not able to promote 
an improvement of the bleaching effect. These mouth rinses are composed with a 
low concentration of hydrogen peroxide that could diffuse through the dental 
structure and produce free radicals that lead to successful bleaching; 3,26 however, 
the efficacy found in the present study may have been low due to fact that they stay 
in contact with the enamel for a short period compared with those offered by dentist-
guided treatments,27 in addition to a lower concentration of active principle. 
 In relation to colorful mouth rinses, essential oil-containing mouth rinses (EM) 
are made available as a blue-colored alcohol solution and have been associated with 
enamel pigmentation after prolonged contact exposure.17 Despite the evidence that 
bleached enamel may be more susceptible to staining,28,29 the EM group did not 
promote color change or disrupt the color stability of treatment, possibly because the 
exposure was performed daily under more real conditions. The FM group, 
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commercially available as a red solution, presented ΔE = 3.33, which could even 
indicate visually unacceptable discoloration according to the previous 
investigations24,25; however, the color results show absence of statistical differences, 
demonstrating the necessity of more studies to investigate the effects on color of 
enamel exposed to FM mouth rinse for a longer time. Overall, the use of a colorful 
mouth rinse after dental bleaching did not affect the efficacy of whitening treatment, 
corroborating a previous study30 that concluded that the use or ingestion of products 
with dyes does not limit the effect of tooth whitening. 
According to the results of this present study, the dental bleaching with 35% 
hydrogen peroxide promoted a slight increase in enamel surface roughness, a 
change in topography visualized by SEM, and a decrease in the cross-sectional 
microhardness, as previously described.6,12,31,32 During dental bleaching, a mineral 
dissolution33,34 could occur, explaining the alterations on enamel properties. These 
deleterious effects can be attributed to the oxidation of the organic and inorganic 
components of the tooth by free radicals,3,26 as well as to the acidic pH of the 
bleaching agent used,35 which was 4.87 in the current study (Table 1). However, after 
14 days, the bleached enamel showed Ra values and enamel surface (SEM) similar 
to the unbleached enamel, as well as no difference from unbleached enamel at 10 
and 25 µm in the CSHM analysis. The artificial saliva was used to simulate the 
inorganic composition of human saliva, and this storage produced an environment 
rich in calcium, phosphorus, and fluoride. This environment promoted enamel 
remineralization, enabling the mineral recovery of dental substrates and almost 
completely reversing the demineralization effect caused by the bleaching agent, with 
an exception at the depths of 50, 75, and 100 μm.  
Saliva36 and other active agents10-12 play an essential role in promoting 
remineralization or decreasing demineralization of teeth submitted to bleaching 
treatment. The rinses studied did not present additional or beneficial effects to 
bleaching therapy, and some cases were able to potentiate an injury to the dental 
structure. After mouth rinse cycling, the EM (Listerine® Tartar Control) induced 
enamel erosion, verified through changes on the surface, the highest increase of Ra, 
and a decrease of microhardness values in depth. These alterations may have 
occurred due to the low pH of the product associated with the absence of 
remineralizing agents in an alcoholic vehicle.18,19,37 In addition, the OTC whitening 
products could cause undesirable local effects, such as sensitivity, oral mucosa 
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irritation, alterations of physical properties of restorative materials, and slight erosion 
in the tooth structure.9 The potential abusive use of these self-agents, especially in 
young patients, could promote potential harmful results.38 The OTC agents evaluated 
in the present study exhibited different results in relation to enamel properties; while 
HPM was damaging to dental structure for all variables studied, the HPM+P 
presented a surface and subsurface similar to the unbleached enamel. This could be 
explained by the different pH of these products (Table 1) and the fact that the HPM 
(Colgate® Plax Whitening) does not have any remineralizing agent in its composition 
and remained in greater contact with the enamel, which happened for 2 min as the 
manufacturer indicated for a pre-brushing rinse. Furthermore, pyrophosphates and 
fluoride are incorporated into HPM+P (Colgate® Luminous White).  
Pyrophosphates are agents with high affinity for hydroxyapatite crystal, 
interacting with calcium.39 During the chemical reactivity with enamel, the 
pyrophosphates reduce the binding capacity of proteins or chromogens, being 
considered an anti-calculus or anti-staining agent.39 Additionally, HPM+P and FM 
include added fluoride (NaF - 225 ppm), which is currently used as an agent that 
promotes remineralization of dental hard tissues and decreases the effects of 
demineralization.40 The HPM+P and FM presented neutral pH; however, the 
presence of low-concentration fluoride during the demineralizing event in rinse 
solutions or bleaching gel41 appears to be more important than its use after tooth 
whitening to remineralize because no evidence remineralization was found in the FM 
group, commercially available as a neutral fluoride rinse solution (pH = 6.11).  
This study was designed to evaluate the effects on enamel of mouth rinse 
exposure after in-office tooth bleaching. The impact of active agents incorporated into 
mouth rinses on enamel is very relevant because oral home-care products are 
purchased and sold cosmetically and, unfortunately, often used without supervision 
by a dentist. The consumption of oral home-care products has spread around the 
world, and hydrogen peroxide- or alcohol-containing mouth rinses need to be 
extensively investigated, especially with regard to the rational use and safety of these 
products. The in vitro studies of solutions at low pH have been shown them to 
exaggerate the erosive effect, which should be further investigated in in situ or in vivo 
studies. In the mouth, the mineral dissolution could be lower because these effects 
on mineral content are decreased by the protective effect of the acquired pellicle and 
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the buffering capacity of saliva. However, controlled in vitro studies are necessary 
and important precursors of in vivo studies.  
CONCLUSION 
 The use of a mouth rinse after dental bleaching did not affect the efficacy of 
whitening treatment or enhance the tooth staining. Additionally, the mouth rinses did 
not promote additional benefits to treatment, and the 1.5% hydrogen peroxide- or 
essential oil-based rinses impaired mineral reestablishment of enamel, promoting a 
decrease in bleached enamel properties. 
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2.2 Artigo: Correlation between alteration of enamel roughness and tooth color  
Running Title: The role of the enamel surface on tooth color 
Objective: To evaluate the existence of a correlation between enamel roughness 
and color change through a statistical correlation model. Methods: Enamel/dentin 
blocks of 5  5  3.2 mm were serially ground with the following abrasive paper: 
1200-grit SiC paper for 20 s (Baseline values); 800-grit SiC paper for 10 s 
(Intermediary values); and 600-grit SiC paper for 5 s. In the paired model, the 
analyses of color changes (ΔE, L*, a*, b*) and roughness (Ra) were performed 
among the sandpaper exposure. The data were subjected to ANOVA using models 
for repeated measures followed by the Tukey test. The Pearson correlation test was 
used to determine whether there was a relationship between Ra values and color 
results (α = 0.05). Results: An increase of Ra related to the increase of the 
sandpaper’s abrasivity was statistically found (p < 0.01). The L* values decreased in 
accordance with the increase of Ra values, with statistical difference between all the 
times (p < 0.05). A correlation was found between the Ra vs. the L* values (r = -0.67; 
p < 0.0001) and ∆Ra vs. ∆a* values (r = 0.29; p = 0.05); besides that, there is no 
significant correlation with b* values or significant alteration in general color change 
represented by ∆E values (p > 0.05). Conclusion: The alteration of enamel 
roughness acted on the lightness and the chrome of tooth, correlating respectively 
with the L* and a* values. However, there is no significant correlation between the 
alteration of roughness and general change of tooth color, represented by ∆E values. 












 The emphasis on cosmetic dentistry has increased in recent years, since the 
smile is one of the most important functions used for communication among people. 
Currently, dental aesthetics seems to be associated with tooth color, texture, position, 
alignment, shape, size, proportionality, and overall smile appearance.1,2 Among the 
morphological dental characteristics, the roughness of the surface and color are 
relevant properties. 
Teeth are polychromatic structures composed of tissues with different optical 
properties, and their color is determined by the combined effects of intrinsic and 
extrinsic colorations.3 The intrinsic coloration of the teeth is associated with the 
dispersion and light absorption properties of the enamel, dentin, and pulp; however, 
the dentine determines the general color of the tooth.3-5 The enamel is considered a 
crystalline5 tissue that, due to the arrangement of the prisms, translucency, and 
opalescence, confers the ability to transmit light to the underlying dentin, which 
features several nuances and three-dimensional aspects of color.6 
The phenomenon of observed color is the result of light scattering; illuminating 
light follows irregular light paths through the dental structure before it emerges at the 
surface of incidence and reaches the eye of the observer.7,8 Concerning that the 
specular reflection at the surface is a relevant step in the general color of an object,8 
studies evaluating the role of roughness and morphology of enamel surface are 
necessary because changes of this nature are common in dental practice. 
The changes in enamel surface roughness are associated with accumulation 
of the pigments3 and retention/accumulation of bacterial biofilm,9,10 which may impair 
the aesthetics of the smile. Different treatments, habits, conditions, or oral diseases 
can compromise the enamel surface roughness10 such as: traumatic toothbrushing; 
toothbrushing with abrasive dentifrice; non-cavitated caries lesions; polishing and 
finishing after restorative treatment; over orthodontic bonding and debonding 
procedures; abrasion defects; congenital defects of structure tooth; dental bleaching; 
and microabrasion. Considering the situations that may alter the enamel topography 
and the absence of evidence, this emphasizes the relation between the increased 
enamel roughness and the color changes of the tooth, which is common in the daily 
practice of dentists. The aim of this study was to evaluate the correlation between 
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roughness and enamel color change through a statistical correlation model. The null 
hypothesis tested was: 1) there is no correlation between the surface roughness of 
the enamel and the color of the tooth, represented by the CIE L*a*b* color system. 
 
MATERIAL AND METHODS 
Sound bovine incisors teeth were stored in a 0.01% thymol solution at 4°C for 
30 days until use. Enamel/dentin blocks of 5  5  3,2 mm, with 1,2 mm of enamel 
and 2 mm of dentin, were obtained from the middle third of the buccal surface using a 
low-speed, water-cooled diamond saw (Isomet, Buehler Ltd, Lake Bluff, IL, USA). 
The specimens were then subsequently serially ground with 600-, 800-, and 1200-grit 
SiC papers (Buehler Ltd) and polished with cloths and diamond spray (1, 0.5, and 
0.25 µm, Buehler Ltd). All specimens were placed in an ultrasonic machine for 10 
min (Marconi, Piracicaba, São Paulo, Brazil) to remove residual particles and smear 
layers. After obtaining a standardized enamel surface, in order to evaluate the 
existence of a correlation between enamel roughness and color, the blocks were 
submitted to a slight controlled abrasion of the surface with different SiC papers. 
Between each abrasion step, the color changes by the CIE L*a*b* color scale (ΔE, 
L*, a*, b*) and roughness (Ra) using a profilometer tester were determined. All 
prepared specimens were stored in distilled water, which was renewed every day in 
order to simulate the humidity of the oral environment.  
Based on a paired evaluation, the blocks were serially ground on the following 
abrasive grinding paper: 
- Exposure to 1200-grit SiC paper for 20 s (Baseline values) 
- Exposure to 800-grit SiC paper for 10 s (Intermediary values) 
- Exposure to 600-grit SiC paper for 5 s (Final values) 
The exposure time of each specimen in the sandpaper was chosen in 
accordance with the results obtained in a pilot study. Between each exposure, the 
block thickness was determined using a digital caliper (Mitutuyo, São Paulo, Brazil) in 
order to consider the role of thickness in the correlation between roughness alteration 
and tooth color.  
The color measurements were performed at an ambient light condition (GTI 
MiniMatcher MM 1, GTI Graphic Technology, New York, NY, USA) in standardized 
daylight at different times: after 1200-grit SiC, after 800-grit SiC, and after 600-grit 
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SiC. The color was measured using a reflectance spectrophotometer (CM 700d, 
Minolta, Osaka, Japan) and quantified based on the CIE L*a*b* color scale, using On 
Color software (Konica Minolta). The L* coordinate represents the luminosity (white-
black) axis, a* represents the green-red axis, and b* represents the blue-yellow axis. 
The spectrophotometer was initially calibrated using white and black reflectance 
standards in accordance with the manufacturer’s indications. Moreover, the 
differences in the L*, a*, and b* values between times were expressed (ΔL, Δa, and 
Δb) to enable all comparisons in the Pearson´s correlation, and any color change 
was calculated using the following equation: ΔE = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2. The 
initial L* values were used to allocate specimens into the experiment aimed to reduce 
the initial variability, whereas the L* value is a significant parameter when making 
comparisons under the study design.11 Thirty specimens were initially investigated for 
allocating the specimens, and L* values differing 1.5% from the mean were excluded. 
As the study’s objective was to evaluate the effect of the enamel surface on tooth 
color, five samples were excluded during the experiment because they demonstrated 
an alteration of surface profile angle between the abrasive grinding papers, 
establishing a n=15. 
The enamel roughness analysis (Ra) was performed using a profilometer 
(Surf-Corder 1700, Kosaka, Tokyo, Japan) at different times: after 1200-grit SiC, after 
800-grit SiC, and after 600-grit SiC. Three different equidistant directions were 
measured on the surface of each specimen, with a cut-off of 0.25 mm, a reading 
length of 1.25 mm, and a velocity of 0.1 mm/s. The coordinate values (L*, a*, b*), 
roughness data (Ra), and the ∆ values (∆ = final value - initial value) were acquired in 
order to provide the evaluation of the Pearson´s correlation between the variables 
and the construction of graphs. 
After exploratory analysis using the SAS software (Release 9.1, 2003, SAS 
Institute Inc, Cary, NC, USA), the data were subjected to ANOVA using models for 
repeated measures followed by the Tukey´s test. The Pearson correlation test was 
used to determine whether there was a relationship between roughness and color 
data (Δ or coordinates). The significance level was established at 5% for all analyses. 
RESULTS 
The roughness, color, and thickness results are presented in Table 1. The 
roughness analysis indicates an increase of Ra related to the increase of the 
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sandpaper’s abrasivity, being that all groups differed statistically between them (p < 
0.0001). The exposure to 600-grit SiC paper had the highest increase of Ra, which 
statistically differed from all other frames (p < 0.0001). Based on color results, a 
statistical difference in L* values among the times was found (p < 0.0001). The 1200-
grit SiC group presented the highest L* values that were statistically different from 
800-grit SiC and 600-grit SiC (p < 0.0001), while 600-grit SiC had already shown the 
smallest L* values that were statistically different from the other grits (p < 0.0001). 
For a* and b* results, the 800-grit SiC showed values that were statistically different 
from the 600-grit SiC or 1200-grit SiC (p < 0.001), which were statistically similar 
between them (p > 0.05). In relation to the thickness of specimens, there is a 
decrease of the thickness comparing 600-grit SiC and 1200-grit SiC (p < 0.001), 
which demonstrated statistical difference (p = 0.0011). The thickness values found in 
the 800-grit SiC group were statistically similar to the other grits (p > 0.05).  
Table 1. Mean (SD) for enamel roughness, L*, a*, b*, and thickness of specimens 
exposed serially to abrasive grinding paper (n=15).a 
Grit 
Roughness 
(Ra) L* a* b* 
Thickness 
(mm) 
1200 0.06 (0.01) c 84.42 (0.75) a 0.48 (0.41) a 12.30 (1.53) a 3.19 (0.12) a 
800 0.14 (0.04) b 83.26 (0.94) b 0.11 (0.40) b 10.57 (1.41) b 3.15 (0.11) ab 
600 0.27 (0.04) a 82.37 (0.76) c 0.70 (0.46) a 11.71 (2.56) a 3.09 (0.09) b 
p-value <0.0001 <0.0001 0.0001 0.0007 0.0011 
a
 Identical lowercase letters indicate no significant difference (p>0.05) among the groups in the same column. 
The ∆E values are presented in table 2, where no statistical differences were 
found among the evaluated times in different comparisons (p = 0.5355), indicating 
that these abrasive grinding papers did not act directly on the ∆E values of the 
specimens.  
Table 2. Mean (SD) for ∆E values comparing the different times of exposure (n=15).a 
 
∆E 
1200-grit X 800-grit 2.25 (1.12) a 
800-grit X 600-grit 2.18 (1.40) a 
1200-grit X 600-grit 2.61 (0.73) a 
p-value 0.5355 
a 
Identical lowercase letters indicate no significant difference (p>0.05) among the groups in the same column. 
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There were statistically significant correlations according to Pearson´s 
correlation coefficients and the p-value presented in table 3 and figure 1. The 
Pearson’s correlation matrix showed a significant negative correlation between 
roughness (Ra) and L* values (r = -0.67, p < 0.0001), indicating that a decrease of L* 
values is impacted by the increase of surface roughness. In figure 1, this correlation 
is again validated in the evaluation ∆Ra vs. ∆L*, which demonstrated a negative 
correlation (r = -0.46, p = 0.0013). For thickness results of table 4, the roughness 
values also appear to be correlated with the thickness of the specimens (r = -0.37, p 
= 0.0123). The specimens’ thickness showed a statistically positive correlation with 
L* values (r = 0.44, p = 0.0021) and a negative correlation with a* values (r = -0.35, p 
= 0.0195), so a decrease in the thickness of the block is related to a decrease in L* 
values and an increase in a* values. The correlation between roughness and a* or b* 
values was not statistically significant (p > 0.05), although a positive correlation 
between a* and b* has been found (r = 0.61, p < 0.0001). 
Table 3. Pearson correlation analysis between the variables studied in the present 
study.  




Roughness L* -0.67 <0.0001 * 
(Ra) a* 0.26 0.0855 
 b* -0.08 0.6080 
 Thickness -0.37 0.0123 * 
L* a* -0.21 0.1594 
 b* -0.10 0.4904 
 Thickness 0.44 0.0021 * 
a* b* 0.61 <0.0001 * 
 Thickness -0.35 0.0195 * 
b* Thickness -0.14 0.3562 
∆E ∆Thickness -0.26 0.2972 
* Statistically significant correlation (p<0.05) 
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In this context, as shown in figure 1, when comparing the ∆ values, a 
correlation was found for ∆Ra vs. ∆a* (r = 0.21, p = 0.05), besides the correlation 
already mentioned about (∆Ra vs. ∆L*). As shown in table 3 and figure 1, no 
statistically significant correlations were found in the comparison of the following 
variables: Ra values vs. b* values (p = 0.6080); L* values vs. a* values (p = 0.1594); 
L* values vs. b* values (p=0.4904); b* values vs. thickness (p = 0.3562); ∆E values 
vs. ∆thickness (p = 0.2972); ∆E values vs. ∆Ra values (p = 0.1718); and ∆b* values 
vs. ∆Ra values (p = 0.1044). 
Figure 1. Scatter plot of ∆Ra values vs. A) ∆L*; B) ∆a*; C) ∆b*; and D) ∆E.  Legend: r 
represents the Pearson´s correlation coefficient 
DISCUSSION 
 In this study, the null hypotheses tested were partially accepted because a 
correlation was found between the alteration of enamel roughness values and the L* 
and a* values of the color spectrum; besides that, there is no significant correlation 
with b* values or significant alteration in the general color change represented by ∆E 
values. The increase of roughness was correlated with a decrease of L* values that 
represent the white-black axis relating to the luminosity of tooth. In this sense, the 
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increase of roughness variation presented a correlation with the variation of a* values 
promoting a change in the green-red axis in the direction of red or against the green. 
The perception of color can be mediated by three factors: the light source, the object 
viewed, and the observer viewing the object.12 The focus of the present study was the 
evaluation of the object, the tooth, represented by the surface topographic alteration 
of enamel, and, for this, the color was determined in a standardized geometry of 
illumination and measurement. 
The determination of teeth color is difficult in clinical practice by dentists, and 
these color changes have been scientifically measured by several authors at different 
methodologies.13-18 The modern approach to color can be defined by value, chrome, 
hue, and color coordinates. The Commission Internationale de l’Eclairage (CIE) 
L*a*b* color scale has been used for non-self-luminous objects,19 and this system is 
widely used in aesthetic dentistry. The L* coordinate corresponds to the value or 
degree of lightness, ranging from 0 (black) to 100 (white); the a* coordinate indicates 
the redness (a > 0) or greenness (a < 0); and the b* coordinate represents the 
variation of yellow (b > 0) or blue (b < 0). In the present study, the highest correlation 
was found between roughness and L* values. This finding is clinically relevant since 
the L* coordinate is associated with the value of teeth that indicates the lightness of a 
color, and when color is determined using the Munsell system, value is determined 
first, followed by the aesthetics procedure, because rearrangement of the shade 
guide from the lightest to darkest is recommended.21 
The results demonstrated a correlation among roughness, L* values, a* 
values, and thickness. Tooth color and appearance are complex phenomena, and, 
for some events that abrade or erode the enamel to the extent of inducing loss of 
structure in depth, the color changes appear to intensify. A previous study4 confirms 
that tooth color is mainly determined by dentin; however, the present study shows 
that alteration of the enamel surface is able to change the light scattering or light 
reflected by the enamel. A considerable fraction of the light entering the tooth is 
probably lost because it emerges at the outside surface, whereas it is suggested that 
the tooth shade could be regulated by the size of its hydroxyapatite enamel 
crystals.22 The difference between the b* or a* values was determined only in the 
roughness of 1200- and 800- groups, suggesting that a slight alteration of enamel 
texture affects the color distribution of the tooth. The values of a* do not represent 
the natural chrome of the tooth and are possibly related to the pigments incorporated 
46 
 
in the dental structure, and the results suggest that a diffused reflection also acted in 
the dispersion and absorption of light in the visible light spectrum, especially in longer 
wavelength and lower frequency regions, as in the perception of red-based tones. 
However, there is no statistical differences for a* and b* values when the 
specimens were exposed to 600-grit SiC, possibly due to the small decrease in 
thickness that allowed reestablishment at the degree of light absorption of the dental 
substrates, particularly in the underlying dentin. Conversely, determination of the 
color spectrum could have been interfered with by the alteration in surface 
reflectance and the light reflected from the enamel surface, which was confirmed 
from the L* results of all groups. Thus, it is possible to hypothesize that the grater 
loss of tooth structure can expose the optical characteristics of dentin, whereas the 
translucency of enamel increases in the inverse proportion to thickness and in direct 
proportion to the wavelength.23 
Despite the fact that the investigation of the role of roughness on tooth color is 
clinically essential, the results of Pearson´s correlation presented here are important 
for future study models that aim for the evaluation of these variables, thus 
contributing new insights. The alteration of enamel texture promoted by abrasive 
grinding paper could act in the orientation of enamel rods/prisms and alter the 
chromatic properties of the tooth. In this way, different clinical procedures may result 
in the change of enamel topography such as: microcracks and enamel fractures; 
scratches and abrasions caused by forcibly removing brackets; traumatic 
toothbrushing or abrasive toothpastes; and dental bleaching.10,24-27 In relation to 
enamel debonding procedures, a previous study26 showed that tooth color variables 
are affected and that the differences observed exceed the threshold for clinical 
detection. Additionally, the previous investigation27 calculated the relationship 
between the physical surface properties of bleached enamel, represented by 
microhardness or roughness alteration and the color properties using a multivariate 
Canonical correlation analysis, which has shown that the variation in the tooth color 
explained 21% of the variation in the physical surface variables. In the present study, 
the correlation coefficient was higher because, unlike the hydrogen peroxide by 
dental bleaching that acts on dentin color, the abrasive changes were on the enamel 
surface.  
Concerning the clinical procedures, when the light interacts with the object, 
several processes can occur, including reflection, transmission, absorption, 
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scattering, and fluorescence, which can be altered by the surface characteristics of 
the object.28 In the present study, there was color alteration for all change of 
roughness, including for small topographic variations of the enamel. However, the 
present investigation did not demonstrate a correlation between the alteration of 
roughness and ∆E values; nevertheless, during the comparison, all groups ranged 
from 2 to 3 ∆E units that are visually perceptible considering the difference of ∆E 
values, proposed by Alghazali and others,29 being 1.9 ∆E units for the assessment of 
perceptibility and 4.2 ∆E units for the clinical acceptability of color differences. Thus, 
considering the relevance of tooth color on smile attractiveness and appearance,2 
clinical techniques need improvement and development in order to promote a safe 
treatment, especially relating to recovering the surface texture of damaged enamel.    
CONCLUSION 
 The change in the surface roughness of the enamel affected the lightness, 
correlating with L* values. However, there is no significant correlation between the 
alteration of roughness and the general change of tooth color, represented by ∆E 
values. 
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A percepção da cor pode ser mediada por três fatores: a fonte de luz, o objeto 
observado e o observador que vê o objeto (Bridgeman, 1988). O foco da presente 
tese foi avaliar o objeto, representado pela alteração topográfica superficial do 
esmalte e pelos tratamentos que o dente possa receber a fim de proporcionar 
alteração de cor. Dessa maneira, a cor foi determinada em uma geometria 
padronizada de iluminação e mensuração. No dente, o fenômeno da cor observada 
é resultado da dispersão da luz, uma vez que a luz segue através da estrutura dental 
antes de emergir na superfície, atingindo o olho do observador (Van der Burgt et al., 
1990; Jahangiri et al., 2002) . Em relação a isso, a reflexão especular na superfície é 
um passo relevante na cor geral de um objeto (Jahangiri et al., 2002) e estudos que 
avaliam o papel da rugosidade e da morfologia da superfície do esmalte são 
importantes porque mudanças dessa natureza são comuns. 
A abordagem moderna para análise, determinação e escolha da cor é 
baseada no valor, croma e matiz (Miller, 1987) e também pode ser descrita por 
coordenadas. A escala de cores padronizada pela Comissão Internationale de 
l'Eclairage (CIE) L*a*b* é indicada e amplamente utilizada em pesquisas aplicadas à 
odontologia estética. Nesse sistema, a coordenada L* corresponde ao valor ou grau 
de luminosidade, variando de 0 (preto) a 100 (branco); A coordenada a* indica os 
valores entre o vermelho (a > 0) ou verde (a < 0); E a coordenada b* representa a 
variação do amarelo (b > 0) ou azul (b < 0). Nesse sentido, o capítulo 2 demonstrou 
uma correlação alta entre a alteração de rugosidade e os valores de L* (r = -0,67), o 
que é clinicamente relevante, pois a coordenada L* está associada ao valor dos 
dentes e indica a luminosidade (Miller, 1987). Além disso, em procedimentos 
estéticos quando a cor é determinada, o valor deve ser considerado preliminarmente 
sendo uma das principais propriedades cromáticas dos dentes (Greenwall, 2001).  
Esses achados são clinicamente relevantes particularmente porque 
mudanças na rugosidade de superfície do esmalte podem ocasionar o acúmulo de 
pigmentos (Watts & Addy, 2001) ou de biofilme bacteriano (Quirynen et al., 1995; 
Bollenl et al., 1997). Diferentes tratamentos, hábitos, condições ou doenças bucais 
podem comprometer a rugosidade da superfície do esmalte (Bollenl et al., 1997). Os 
resultados apresentados no capítulo 2 demonstraram, ainda, uma correlação entre 
rugosidade e os valores de L*, valores de a* e espessura perdida durante o 
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processo abrasivo. A cor dos dentes é um fenômeno complexo e as mudanças de 
cor se intensificam em eventos que alterem a rugosidade de superfície com perda de 
estrutura em profundidade. Ten Bosh e colaboradores destacam que a cor do dente 
é determinada principalmente pela dentina, entretanto o presente estudo mostra que 
alterações da superfície do esmalte foram capazes de alterar as propriedades 
cromáticas do dente, especialmente afetando a dispersão da luz e a luz refletida 
pelo esmalte.  
 Com isso, cuidados e tratamentos frente à alteração da rugosidade da 
superfície do esmalte devem ser indicados, especialmente considerando os 
resultados encontrados que mostram alteração dos valores de L* inclusive para 
pequenas variações de rugosidade. Considerando a relevância da cor do dente na 
aparência do sorriso, abordagens clínicas precisam ser respeitadas, melhoradas e 
desenvolvidas com intuito de promover um tratamento seguro. Dentre essas 
abordagens, em dentes escurecidos ou pigmentados o clareamento dental é um 
tratamento que promove a melhora da aparência do sorriso (Kihn, 2007) e é 
considerado, quando corretamente indicado, um tratamento eficaz e relativamente 
seguro (Kihn, 2007; Li, 2011). 
De maneira geral, os efeitos do peróxido de hidrogênio e de seus 
subprodutos, os radicais livres, nos tecidos dentais não foram completamente 
esclarecidos. O peróxido de hidrogênio possui um efeito oxidativo não específico e 
possui ação também sobre a composição dental (Goldberg et al., 2010), validada 
pela perda de íons Cálcio e Fósforo do elemento dental para o gel clareador (Lee et 
al., 2006; Al-Salehi et al., 2006). A literatura apresenta como efeitos adversos 
comuns na estrutura dental o aumento da permeabilidade (Camargo et al., 2007), a 
diminuição da microdureza de superfície e em profundidade (Efeoglu et al., 2004; Al-
Salehi et al., 2006), alterações topográficas visualizadas em microscopia eletrônica 
de varredura (MEV) (Gomes et al., 2009; D'Amario et al., 2012) e aumento da 
rugosidade de superfície (Hosoya et al., 2003; Camargo et al., 2007; Markovic et al., 
2007; Vieira-Junior et al., 2016). Os resultados apresentados no capítulo 1 
referentes às alterações das propriedades do esmalte clareado estão de acordo com 
os efeitos supracitados, o tratamento clareador com peróxido de hidrogênio a 35% 
foi capaz de aumentar a rugosidade e diminuir a microdureza em profundidade, além 
de proporcionar alterações morfológicas visualizadas em MEV. Entretanto, com 
intuito de simular o conteúdo inorgânico salivar, os espécimes foram armazenados 
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em uma solução remineralizante (Queiroz et al.,2008), essa solução contendo cálcio, 
fósforo e flúor utilizada por 14 dias foi capaz de reverter quase que totalmente esses 
efeitos deletérios nas propriedades físico-químicas do esmalte.  
Em relação a alteração de rugosidade, a apresentada no capítulo 2 é 
contraposta àquela encontrada no capítulo 1. A alteração de cor visualizada após a 
exposição às lixas abrasivas refere-se a um evento físico e simuladamente abrasivo 
na superfície do esmalte, já a alteração de cor oriunda do clareamento dental e o 
aumento de rugosidade validada no capítulo 1 é consequência de um evento 
químico de alteração de cor da estrutura dental. No clareamento dental, o 
mecanismo associa-se a difusão de peróxido de hidrogênio através do esmalte e 
dentina, onde reage com os cromógenos responsáveis pela descoloração (Ontiveros 
et al., 2004; Kwon et al., 2015). O peróxido de hidrogênio, como um agente oxidante, 
quebra as moléculas de pigmento deixando-as pequenas o suficiente para serem 
removidas da estrutura dental através da difusão, que indiretamente promove a 
redução da absorção de luz. Essa redução na absorção de luz produz uma redução 
significativa nos tons de amarelo e um aumento na brancura e luminosidade do 
dente (Sulieman, 2004), como demonstrado nos resultados obtidos nos espécimes 
clareados: redução nos valores de b*, aumento nos valores de L* e valores médios 
da mudança de cor total (ΔE) superiores a 4,1 unidades, que são considerados 
limítrofes de aceitabilidade clínica para diferenças de cor (Alghazali et al., 2012). 
No sentido de diminuir esses efeitos adversos sobre as propriedades do 
esmalte/dentina e também sabendo que os enxaguatórios bucais são agentes muito 
populares, que podem ser utilizados em combinação com tratamentos estéticos; é 
validada a investigação apresentada no capítulo 1, a qual discorreu sobre os efeitos 
do uso de enxaguatórios com diferentes princípios ativos sobre o esmalte clareado, 
principalmente em relação às propriedades do esmalte e à eficácia e estabilidade do 
clareamento. Os efeitos de agentes over-the-counter (OTC), representados pelos 
produtos de clareamento do mercado de massa aplicados nos dentes pelo próprio 
consumidor, não foram amplamente investigados na literatura, especialmente no que 
se refere ao uso racional e segurança. 
Os resultados apresentados denotam para um cuidado e atenção na 
indicação ou uso desses produtos. Os enxaguatórios bucais com peróxido de 
hidrogênio (Colgate® Plax Whitening e Colgate® Luminous White) não conseguiram 
promover clareamento da estrutura dental ou melhora do efeito clareador alcançado 
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pelo tratamento convencional de consultório. A ineficácia desses produtos pode ser 
decorrente do curto período de contato dessas soluções com os dentes, quando 
comparados com os oferecidos pelos tratamentos supervisionados pelo profissional 
(Karadas et al., 2015), ou ainda, devido a baixa concentração do princípio ativo. 
Além disso, os enxaguatórios bucais estudados não apresentaram efeitos adicionais 
ou benéficos para a terapia clareadora, e alguns casos potencializaram a perda 
mineral da estrutura dental.  
Os produtos OTC podem causar efeitos locais indesejáveis (Gerlach et al., 
2003; Goldberg et al., 2010) e, interessantemente, os agentes avaliados no presente 
estudo obtiveram resultados diferentes em relação às propriedades do esmalte 
clareado, embora o enxaguatório contendo peróxido de hidrogênio a 1,5% (Colgate® 
Plax Whitening) tenha alterado negativamente o esmalte para todas as variáveis 
estudadas; o enxaguatório contendo peróxido de hidrogênio a 2% acrescido de flúor 
e pirofosfatos (Colgate® Luminous White) não afetou negativamente o esmalte, o 
qual apresentou propriedades morfológicas semelhantes ao esmalte não clareado, 
como descrito nos resultados de rugosidade e MEV. Contudo, o enxaguatório 
Colgate® Plax Whitening possui baixo pH, não apresenta nenhum agente 
remineralizante em sua composição e permaneceu em maior contato com o esmalte 
– 2 minutos, uma vez que foi utilizado conforme as orientações do fabricante que o 
disponibiliza comercialmente como um enxaguatório pré-escovação. Além disso, o 
produto Listerine® Tartar Control induziu a uma perda mineral no esmalte que foi 
verificada através das mudanças na superfície, aumento da rugosidade de superfície 
e redução dos valores de microdureza em profundidade. Possivelmente, essas 
alterações ocorreram devido ao baixo pH do enxaguatório, ausência de agentes 
remineralizantes e do seu veículo alcoólico (Pontefract et al., 2001; Pretty et al., 
2003). Investigações que avaliem a associação do uso desses produtos a 
escovação simulada devem ser realizadas, especialmente porque a abrasão pode 
potencializar processos erosivos (Davis & Winter, 1980; Lussi, 2006; Lussi et al., 
2011; Magalhães et al., 2014). 
De modo geral, nenhum enxaguatório promoveu benefícios adicionais à 
terapia clareadora e no intuito de diminuir os efeitos adversos nas propriedades do 
esmalte a presença de fluoreto de baixa concentração parece ser mais relevante 
durante o evento de desmineralização ou acrescido ao gel clareador (Cavalli et al., 
2010), uma vez que nenhuma evidência de potencialização da recuperação mineral 
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em profundidade foi encontrada no esmalte clareado exposto ao enxaguatório 
contendo apenas fluoreto (225 ppm de NaF). Assim, a venda cosmética e muitas 
vezes não supervisionada de produtos dessa natureza alinhada ao uso difundido 
dos enxaguatórios, que se mostra em crescente aumento de rentabilidade financeira 
no Brasil e no mundo (Kline & Company, 2004; Jardim et al., 2009) embasam a 
necessidade de atenção frente ao uso desses produtos, especialmente, no esmalte 
clareado que encontra-se momentaneamente com suas propriedades físico-





















De acordo com os resultados obtidos, pode-se concluir que: 
1. O clareamento com peróxido de hidrogênio a 35% alterou negativamente as 
propriedades do esmalte: diminuindo a microdureza em profundidade, aumentando a 
rugosidade e alterando a morfologia de superfície. Entretanto, esses efeitos 
negativos foram parcialmente revertidos após 14 dias de imersão em saliva artificial. 
2. O uso dos enxaguatórios após a terapia clareadora não interferiu na efetividade 
do tratamento ou na estabilidade de cor do esmalte, entretanto os enxaguatórios 
contendo peróxido de hidrogênio não promoveram uma potencialização do efeito 
clareador. 
3. Nenhum enxaguatório apresentou benefícios a terapia clareadora em relação a 
reversão ou recuperação das propriedades físicas e morfológicas do esmalte. 
Opostamente, os enxaguatórios à base de peróxido de hidrogênio a 1,5% (Colgate® 
Plax Whitening) e em óleo essencial (Listerine® Tartar Control) promoveram 
alterações negativas significativas nas propriedades do esmalte clareado.   
4. A rugosidade do esmalte atuou negativamente na luminosidade do esmalte, 
correlacionando-se com os valores de L*, entretanto não apresentou correlação com 
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APÊNDICE 1 - Metodologia Ilustrada 
CONFECÇÃO DOS BLOCOS DE ESMALTE  
Foram utilizados incisivos bovinos hígidos, os quais, após extração, foram 
lavados em água purificada e armazenados em timol a 0,1% por 1 mês previamente 
ao experimento. Blocos de esmalte/dentina (Capítulo 1 - 4x4x2 mm; Capítulo 2 – 
5x5x3,2 mm) foram confeccionados em cortadeira metalográfica Isomet 1000 da 
Buehler (Figura 1) com disco diamantado (4”  ×  012  ×  1⁄2,  Buehler,  Illinois,  USA)  
para  a  obtenção  dos espécimes. A dentina foi planificada e a superfície do esmalte 
foi lixada e polida utilizando-se politriz  giratória  (Arotec, Cotia; SP, Brasil) (Figura 
2A),  com lixas de carbeto de silício (SiC) de granulação #600, #1200 e #2000 
(Figura 2B)  sob  irrigação  constante. Por fim, a superfície de esmalte foi polida com 
feltros (TOP, RAM e SUPRA – Arotec, Cotia; SP, Brasil) (Figura 2C), associados às 
pastas diamantadas metalográficas de granulação decrescente (1, 1/2 e 1⁄4 µm).  
Entre  cada  aplicação  de  lixa, feltro  e  ao  final  do  polimento,  as amostras foram 
levadas à cuba de ultrassom (Marconi, Piracicaba, São Paulo, SP, Brasil)(Figura 









Figura 1. Cortadeira metalográfica de precisão Isomet 1000 (Buehler). 
A espessura do esmalte e dentina foi estabelecida para cada substrato e as 
medidas exatas dos blocos dentais foram mensuradas com paquímetro digital 
(Mitutuyo, Suzano, SP, Brasil). Cada espécime recebeu uma marcação com ponta 
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diamantada nº 1012 (KG Sorensen, Barueri, SP, Brasil) em uma das faces laterais 
(Figura 3) com a finalidade de padronizar o posicionamento da amostra durante a 
leitura de cor. Todas as faces, exceto a de esmalte, objeto de estudo, foram 
protegidas com verniz ácido resistente incolor (Risqué, Taboão da Serra, SP, Brasil). 
Para o capítulo 1, todas as amostras preparadas foram armazenadas em saliva 
artificial a 37 oC, renovada diariamente durante todo o estudo. A saliva artificial 
(solução remineralizante) descrita continha formulação de Ca 1,5 mM, Pi 0,9 mM,  
KCl 150 mM, 0,05 μg de F / mL , tampão Tris 0,1 M, tamponada em pH 7,0. 
A) B) 
C) D) 
Figura 2. A) Politriz giratória B) Lixas de carbeto de silício de granulação #600, 






Figura 3. A) Marcação das amostras com ponta diamantada esférica 1012. B) 
Amostras finalizadas. 
ANÁLISE DA COR – SISTEMA CIEL*a*b* 
Os blocos foram posicionados em porta amostra de teflon (Figura 4A) e a 
leitura de cor foi realizada utilizando o espectrofotômetro Konica Minolta CM 700d 
(Konica Minolta, Osaka, Japão)(Figura 4B)  em ambiente de luz padronizado pela 
cabine GTI MiniMatcher MM 1 (GTI Graphic Technology Inc., Newburg, NY, 
EUA)(Figura 4C). O aparelho foi previamente calibrado de acordo com as instruções 
do fabricante e os resultados obtidos foram quantificados nas coordenadas do 
sistema CIEL*a*b* pelo software On Color (Konica Minolta, Osaka, Japão).  Os 
valores de L* foram utilizados nos estudos como fator de blocagem, randomização e 






Figura 4. A) Porta amostra de teflon. B) Espectrofotômetro utilizado nesse estudo. 




ANÁLISE DA RUGOSIDADE DE SUPERFÍCIE DO ESMALTE  
As amostras foram submetidas à leitura da rugosidade de superfície do 
esmalte. Para o capítulo 1 foi utilizado um aparelho medidor de perfil de superfície 
Mitutoyo Surfitest 211, (São Paulo, SP, Brasil - Figura 5A). Em cada operação de 
leitura considerada, a rugosidade média (Ra) representa a média aritmética entre os 
picos e vales registrados, após a agulha do rugosímetro percorrer sobre a superfície 
em análise, um trecho de 3,0 mm de extensão, com filtragem (cut-off) de 0,25mm, 
para maximizar a filtragem da ondulação superficial. Em cada superfície, foram 
efetuadas três leituras, sempre com a agulha passando pelo centro geométrico da 
amostra, mas estando ela em três posições diferentes, obtidas após o giro de, 
aproximadamente, 120o na base (Figura 5B). Assim, a média das três leituras foi 
considerada a rugosidade média de cada superfície. A rugosidade foi mensurada 
nos espécimes nos tempos supracitados para a análise de cor. A análise da 
rugosidade de superfície apresentada no capítulo 2 foi realizada utilizando um 
aparelho medidor de perfil de superfície (Figura 5C e 5D) Surfcorder SE1700 











Figura 5. A) Rugosímetro Mitutoyo Surfitest 211. B) Padrão das três leituras 




EXPOSIÇÃO AO GEL CLAREADOR 
O clareamento foi realizado com peróxido de hidrogênio 35% (Whiteness HP, 
FGM, Joinville-SC, Brasil) (Figura 6), de acordo com as instruções do fabricante, 
onde o gel foi aplicado por três vezes, com duração de 15 minutos cada aplicação. 
Após finalizado o procedimento clareador, as amostras foram armazenadas em 
saliva artificial por 24 horas submetidas as analises intermediárias e então a 
ciclagem de enxaguatórios foi iniciada. 
 
Figura 6. Apresentação comercial do clareador à base de peróxido de hidrogênio 
35% utilizado no capítulo 1. 
PROTOCOLO DE EXPOSIÇÃO AO ENXAGUATÓRIO 
 As amostras foram submetidas à simulação do uso dos enxaguatórios 
conforme a indicação do fabricante. Foram confeccionados anteparos com tubos de 
centrifugação cônicos (Falcon, Fisher Scientific, Reino Unido) para simulação do 
enxágue (Figura 7A). Para isso, os espécimes foram acoplados com cera pegajosa 
através de uma haste metálica a tampa dos tubos de centrifugação (Figura 7B), com 
intuito de proporcionar agilidade durante o processo de exposição aos enxaguatórios 
ou água destilada.  Os enxaguatórios utilizados nesse estudo estão apresentados na 
Figura 8 e suas composições na tabela 1. Os enxaguatórios foram utilizados de 














Figura 7. A) Aparato confeccionado para exposição aos enxaguatórios.                    


























































Figura 8. Apresentação comercial dos enxaguatórios utilizados. A) FM, Colgate® 
Plax Classic; B) EM, Listerine® Tartar Control; C) HPM, Colgate® Plax Whitening; D) 




Tabela 1. Composição, pH, cor e indicação de aplicação dos enxaguatórios bucais. a 















Triclosan 0,03%, copolímero 
PVM/MA, gantrez 0,20%, 
225 ppm fluoreto de sódio, 
água, sorbitol, glicerina, 
laurel sulfato de sódio, 
fosfato dissódico, hidróxido 









1 minuto, 2 
vezes ao 

















Álcool 21,6%, Timol 0,064%, 
Eucaliptol 0,092%, Salicilato 
de Metila 0,06%, água, N-
propanolol, sorbitol, 
polaxamero 407, 
aromatizante de menta, 
ácido benzoico, benzoato de 
sódio, sacarina de sódio, 





























Peróxido de hidrogênio 
1,5%, água, sorbitol, etanol, 
poloxâmero 338,  
polissorbato 20,  salicilato de 
metila, mentol, sacarina 








2 minutos, 2 
vezes ao 

















Peróxido de hidrogênio 2%, 
pirofosfato de tetrapotássio, 
tetrasódio de pirofosfato, 225 
ppm Flúor, citrato de zinco, 
glicerina, propileno glicol, 
ácido fosfórico, sacarina 







1 minuto, 2 
vezes ao 
dia, por 14 
dias 
a pH avaliado em triplicata em peagâmetro digital (Procyon, São Paulo, Brasil). 
b De acordo com as recomendações do fabricante. 
MICRODUREZA DE SUBSUPERFÍCIE 
Para a análise de microdureza de subsuperfície, os espécimes foram 
seccionados longitudinalmente (Figura 9A) em cortadeira metalográfica Isomet 1000 
com disco diamantado. Após a secção do espécime, os fragmentos foram embutidos 
com resina termoplástica utilizando-se embutidora metalográfica (Arotec Pré 30, 
Cotia, SP, Brasil) (Figura 9B/9C), com tempo de cinco minutos de aquecimento e 
pressão controlada entre 100 e 150 kgf/cm2, seguido por oito minutos de 
resfriamento. Esse procedimento permitiu a planificação e polimento das amostras 
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com lixas abrasivas e discos de feltro conforme o protocolo já descrito, 
proporcionando uma superfície ideal para a avaliação de microdureza em 
profundidade (Figura 9D). A análise de subsuperfície foi realizada em cinco 
profundidades: 10, 25, 50, 75 e 100 µm (Figura 9D). Em cada uma das 
profundidades foram realizadas três indentações, com carga de 50 gramas, durante 
cinco segundos e com 100µm de distância entre elas, utilizando microdurômetro 














Figura 9. A) Espécimes seccionados longitudinalmente. B) Embutidora AROTEC 
Pre-30. C) Corpos-de-prova embutidos e prontos para análise de microdureza em 
profundidade. D) Padrão de distância entre indentações, no aumento de 10x (100 





MICROSCOPIA ELETRÔNICA DE VARREDURA (MEV) 
Para avaliação qualitativa dos tratamentos, aleatoriamente foram escolhidas 
três amostras de cada grupo/tempo para análise em Microscópio Eletrônico de 
Varredura – MEV (Jeol, JSM 5600LV, Tóquio, Japão). As amostras foram fixadas em 
disco de acrílico para serem metalizadas (Bal-Tex SCD 050 sputter coter, Alemanha) 








Figura 10. Amostras metalizadas para análise em MEV. 
